The adaptive response to training is determined by the combination of the intensity, volume, and frequency of the training. Various periodized approaches to training are used by aquatic sports athletes to achieve performance peaks. Nutritional support to optimize training adaptations should take periodization into consideration; that is, nutrition should also be periodized to optimally support training and facilitate adaptations. Moreover, other aspects of training (e.g., overload training, tapering and detraining) should be considered when making nutrition recommendations for aquatic athletes. There is evidence, albeit not in aquatic sports, that restricting carbohydrate availability may enhance some training adaptations. More research needs to be performed, particularly in aquatic sports, to determine the optimal strategy for periodizing carbohydrate intake to optimize adaptations. Protein nutrition is an important consideration for optimal training adaptations. Factors other than the total amount of daily protein intake should be considered. For instance, the type of protein, timing and pattern of protein intake and the amount of protein ingested at any one time influence the metabolic response to protein ingestion. Body mass and composition are important for aquatic sport athletes in relation to power-to-mass and for aesthetic reasons. Protein may be particularly important for athletes desiring to maintain muscle while losing body mass. Nutritional supplements, such as b-alanine and sodium bicarbonate, may have particular usefulness for aquatic athletes' training adaptation.
The magnitude of the adaptive response to training may be proportional to the training load undertaken by an athlete, where load is defined as the combination of intensity, volume, and frequency of the training stimulus (Mujika, 1998) . Long-and short-term training programs that are well designed, controlled, and monitored need to be set in place to ensure that the individual athlete's optimal performance is attained both at the right time of his or her career and at each point of major competitions within a season. In aquatic sports, long-term career paths are most often planned for athletes to peak each season and at the end of a quadrennial period leading on to the Olympic Games. In the short-term, optimal performances are usually attained by skillfully intertwining lengthy phases of hard, intensive training and shorter phases of reduced training, such as the taper (Mujika and Padilla, 2003) . Appropriate nutrition plans for each training phase need to be set in place for aquatic athletes to achieve the desired body mass and composition, support training adaptations, and optimize competition performance.
Phases of intensive training result in acute physiological effects that might limit performance capacity in the short term (days to weeks), but they also generate adaptive responses that eventually lead to improvements in sports performance. These intensive training overload periods, requiring adequate energy intake with appropriate macronutrient periodization (Table 1) , intend to maximize long-term physiological adaptations to training, ignoring the potential acute negative impacts. By contrast, taper periods are introduced to further enhance the physiological adaptations achieved during intensive training, while the negative impact of training resolves. Ideally, this will bring about maximal physiological adjustments and a concomitant disappearance of the negative influences of training, resulting in an optimal performance potential (Mujika, 1998) . Taper periods are characterized by reduced energy expenditures, and the nutrition plans of the aquatic athlete should be modified appropriately (Shaw et al., 2014) . In less ideal circumstances, training programs may result in unwanted situations such as underperformance, excessive fatigue, illness, or injury, forcing an athlete to interrupt their participation with subsequent detraining effects.
The aim of this article is to provide a brief overview of long-and short-term training issues relevant for coaches, athletes, and support teams to better address the performance requirements of aquatic sports and to address various nutritional strategies that may affect training adaptation.
Long-Term Periodization
During the 1960s and 1970s, long-term planning of athletic training and performance, as done by Eastern bloc countries and termed training periodization, became a precondition to international sporting success (Balyi, 1990) . Characteristics of periodization include the structure of the annual cycle, total training volume, training organization, recovery processes, use of training equipment, and individual progress, but also the age and experience of each athlete, with the goal of an optimal peak at the end of the quadrennium (Issurin, 2008) . Nutrition plans need to be designed to support the long-term goals of aquatic athletes, taking into consideration requirements that are both sport specific (e.g., muscularity and strength in a water polo player or healthy leanness and power in a synchronized swimmer) and athlete specific (e.g., enhancing endurance in a long-distance swimmer or increasing power in a diver).
Annual Periodization
An annual training plan should consider the available planning options, the competition calendar, total training volumes, and training intensity distributions. Furthermore, it should implement a sensitive and responsive learning system that allows the early detection of emerging threats and opportunities to optimize athletic performance, supported by adequate nutritional strategies.
Although traditional periodization provides coaches and athletes with basic guidelines for structuring and planning their training, it also imposes limitations to today's high level athletes, such as the impossibility to provide multiple performance peaks in many competitions (Issurin, 2010) . Alternative concepts of periodization, such as block periodization, have been developed. This concept proposes a sequence of specialized training blocks containing highly concentrated training loads directed to consecutively stimulate a reduced number of specific qualities (Issurin, 2008) .
Nevertheless, applying generic training methodologies may not be the most appropriate training approach (Kiely, 2012) , because training responses vary among aquatic sports and events and among individual athletes preparing for a particular event. Whatever the annual training model, guidelines for nutrition should move away from generalized recommendations to an individualized approach to fuel needs based on each aquatic athlete's body size and composition and each athlete's specific training and competition program (Burke, 2010) . For instance, energy and carbohydrate intake could be restricted during base training phases of swimmers • Nutrition recommendations similar to active to sedentary individual (≥ 2,000-3,000 kcal/day for ~70-kg swimmer)
• Some minor weight gain expected and desired • Ergogenic supplements no longer required
Notes. CHO = carbohydrate. Source: Stellingwerff et al. 2007; aiming to reduce excess body fat, whereas sufficient carbohydrate and protein will be needed to complete and adapt to a phase of high-intensity training in any of the aquatic sports (Table 1) .
Training Intensity and Training Volume
In view of the relatively short duration of most pool swimming events (approximately 20 s to 2 min), there is an ongoing debate in the sport between those who favor a high-training-volume approach and those favoring low volume and high intensity (Costill et al., 1991; Counsilman & Counsilman, 1990) . Although training intensity, rather than training volume or frequency, may be key for elite 100-and 200-m swimmers (Mujika et al., 1995) , divers, water polo players, and synchronized swimmers, it is questionable whether this would also apply to swimmers of longer distances (i.e., 400, 800, 1500 m, open water), for whom training volume and frequency could be much more important. A high volume of low-intensity training could also benefit the shorter distance swimmers by improving recovery processes, enhancing their tolerance to high-intensity training, and developing gliding ability in the water and motor patterning and skill, with a consequent reduction in the energy cost of swimming (Mujika et al., 1995) . The study of the relative impact of the various combinations of training intensity and volume has elicited two basic patterns of training load distribution: the "threshold" training model and the "polarized" training model. The first model emphasizes training intensities at, or near, the lactate threshold and features lower overall training volumes. In contrast, the polarized training model features nearly 75-80% of training at intensities below the lactate threshold, with the remaining 20-25% distributed between training "at threshold" and much higher intensities, usually in the form of interval training (Seiler, 2010) . Reports of the distribution of training intensities for elite 100-and 200-m swimmers are in agreement with such a polarized approach (Mujika et al., 1995) . Fédération Internationale de Natation (FINA) Open Water Swimming Grand Prix male and female champions are reported to perform 11 training sessions per week in the water, covering between 75 and 140 km, with a training intensity distribution similar to the world championship medal winners in the 800-m and 1,500-m freestyle and 400-m individual medley events (Frédéric Vergnoux, coach to the mentioned swimmers, personal communication). These data indicate that high training volumes and a polarized intensity distribution are keys to success in the longer pool and open-water swimming events. We are unaware of any published reports on the training intensity distributions of other aquatic athletes, but it is recommended that practitioners carry out such analysis of training contents, so that nutrition needs that are specific to the sport, training phase, and session can be determined, and eating strategies can be implemented to adequately support training and facilitate adaptation processes (Table 1) .
Tapering and Peaking For Competition
The training programs of high-level aquatic athletes usually include a training phase, known as a taper, that is characterized by a reduction of the training load in the days and weeks leading to a major competition. The taper is designed to diminish residual fatigue induced by intensive training, maximize physiological adaptations, and optimize performance (Bosquet et al., 2007) . Notwithstanding individual responses, in general, swimming performance appears to be maximized by a taper lasting 8-21 days, where the training volume is progressively decreased by 41-60%, without any modification of either training intensity or frequency (Bosquet et al., 2007) . However, the training responses and adaptation profiles of individual athletes should be considered when designing a taper program (Mujika et al., 1996b) to determine optimal taper durations and the suitability of progressive versus step tapers (Mujika et al., 1996a) , the impact of overreaching the athletes before the taper (Thomas et al., 2008) , or the potential fitness and performance value of a final increase in the training load (Thomas et al., 2009) .
Tapering-induced pool competition performance gains are usually in the range of 0.3-5.0% (Pyne and Mujika, 2011) . These gains are attributed to increased levels of muscular force and power; improvements in neuromuscular, hematological, and hormonal function; and improvements in the psychological status of the athletes (Mujika and Padilla, 2003a) . Any or all of these factors could equally benefit athletes across all aquatic sports. In pool swimming, performance improvements occurring during the taper are independent of sex, event duration, stroke, and caliber of the athlete (Mujika et al., 2002) . How often taper-induced gains can be obtained as athletes adapt their training programs to the modern busy competition calendars remains to be elucidated. A comprehensive review on the taper in competitive swimming can be found in Pyne and Mujika (2011) .
In team sports such as water polo, coaches and players should be aware that basic training principles that can be effective in individual sport athletes, also apply in the case of team sports (Mujika, 2007) . Thorough descriptions of the training and peaking strategies of the Australian women's water polo team and the Spanish men's team in the lead up to the Olympic Games can be found in Mujika (2009) . We are not aware of any studies dealing with the taper in synchronized swimming or diving, but there is no reason to suggest that the responses of such athletes to a taper would be any different, because taper effects can equally benefit endurance athletes, speed athletes, power athletes, and precision sport athletes (Mujika, 2009 ).
Aquatic sport athletes should be aware that energy metabolism underpinning exercise performance can be altered during a preevent taper. Decreases in training load in favor of rest and recovery lower an athlete's daily energy expenditure, potentially affecting energy balance and body composition (Mujika et al., 2004) . Athletes tapering for competition should therefore pay careful attention to matching energy intake in accordance with the reduced energy expenditure that characterizes this training period (Table 1 ). The substrate contribution to power production is not modified by a taper, but iron intake in the lead up and during the taper should be optimized, because enhanced erythropoietic activity in the bone marrow associated with the taper could jeopardize the iron status of athletes (Mujika et al., 2004) .
Concurrent Endurance and Resistance Training
Swimmers moving through water apply propulsive force against a flowing element primarily to overcome hydrodynamic drag, which increases proportionally with the square of swimming velocity (Pyne & Sharp, 2014) . Muscle strength is important to swim fast (Sharp et al., 1982) , and upper body strength and power output correlate with maximal swimming velocity in distances from 25 to 400 m (Hawley et al., 1992; Hawley & Williams, 1991; Sharp et al., 1982) . Heavy strength training on dry land or sprint swimming with increased resistance to propulsion may be efficient for enhanced freestyle performance and stroke mechanics from sprint to middle-distance events (Aspenes and Karlsen, 2012; Vorontsov, 2011) .
Dry-land strength training is a major component of the preparation of water polo players, because specific actions different from swimming, such as jumping, wrestling, or throwing, require high levels of strength and power, and these performance qualities can be improved through appropriate strength training programs (Cox et al., 2014; Veliz et al., 2013) . Strength and power training is also an integral part of the preparation of synchronized swimmers and divers.
In dry-land sports, the mechanisms for improved endurance performance after concurrent endurance and heavy strength training include postponed activation of less efficient type II fibers, improved blood flow in working muscles, improved neuromuscular function, conversion of fast-twitch type IIX fibers into more fatigueresistant type IIA fibers, and improved musculotendinous stiffness (Rønnestad and Mujika, 2014) . Whether these performance-enhancing mechanisms also apply in aquatic sports remains to be elucidated, but whatever the mechanisms involved, nutritional strategies need to be set in place to support strength and power training and maximize adaptation (Table 1) .
Detraining
Circumstances such as the off-season break, illness, or sports injuries result in training cessation or reduction, which bring about a partial or complete loss of previously acquired anatomical, physiological, and performance adaptations .
In a classic study of detraining, competitive swimmers' muscle respiratory capacity decreased by 50% after 1 week of inactivity. When the athletes performed a standardized 183-m submaximal swim, postswim blood lactate was 2.3 times higher, pH was lower (7.183 vs. 7.259), bicarbonate concentration was 23% lower, and base deficit was twice as high (Costill et al., 1985) . After 4 weeks without training, 24 college swimmers showed a 5.5 mmol·l -1 increase in blood lactate concentration after a standardized 183-m submaximal swim, indicative of a reduction in the muscle oxidative capacity and/or a change in the swimmers' mechanical efficiency (Neufer et al., 1987) . Similar results were observed in 7 female swimmers who refrained from training for 10 days (Claude & Sharp, 1991) . Muscle glycogen concentration in competitive swimmers declined by 20% 1 week after the competitive season, and by 8-10% per week without training thereafter (Costill et al., 1985) .
The general loss in cardiorespiratory fitness, metabolic efficiency, and muscle respiratory capacity results in a rapid decline in aquatic athletes' endurance performance. Female competitive swimmers were 2.6% slower in a 366-m swim after only 10 days without training (Claude & Sharp, 1991) . Swimming performance over 100 and 200 m also declined by 3-13% in elite swimmers during the off season (Mujika et al., 1995) . In contrast, college swimmers maintained their muscular strength, as measured on a swim bench, during 4 weeks of training cessation, but their swim power (i.e., their ability to apply the force during swimming) declined by 13.6% (Neufer et al., 1987) .
In view of the above, we recommend that aquatic athletes undergoing a period of reduced training or training cessation pay special attention to nutrition (Table  1) . Their caloric intake should be reduced to match the diminished energy expenditure, particularly via a decrease in carbohydrate intake in accordance with the lowering of muscle fuel needs. The maintenance of a high protein intake may help to minimize the expected decline in muscle protein synthesis rates, particularly in the case of illness or injury (for specific details on nutrition, illness and injury in aquatic sport, see .
Overtraining
In their constant quest for performance improvements, competitive swimmers perform large amounts of intense training in the water and on dry land. This may induce an imbalance between the training overload and the necessary recovery, and the athletes' performance may suffer in the short-term. This strategically planned outcome, known as functional overreaching will eventually lead to an improvement in performance after recovery. When strenuous activity is carried out for longer periods and with insufficient recovery between training bouts, nonfunctional overreaching or even an overtraining syndrome can occur (Meeusen et al., 2013) . The distinction between these negative outcomes of excessive training is very difficult, because changes in clinical, hormonal, and other signs and symptoms may not be apparent.
Reports from the literature suggest an incidence of nonfunctional overreaching and/or the overtraining syndrome among highly trained swimmers of 5-27% in 6-12 months (Hooper et al., 1997; Morgan et al., 1987; O'Connor et al., 1989) . However, it is difficult to determine the real incidence of nonfunctional overreaching and overtraining, because most of the available reports have severe pitfalls: some lack performance assessments, some classify athletes as overtrained simply because they failed to improve performance, and others do not include a recovery period (Halson and Jeukendrup, 2004 ).
An approach to understanding the etiology of overreaching and overtraining involves the exclusion of organic diseases or infections, and factors such as dietary caloric restriction with an insufficient intake of carbohydrate and/or protein and micronutrient availability (e.g., iron deficiency, magnesium deficiency, allergies), along with identification of initiating events or triggers (Meeusen et al., 2013) .
Periodizing Carbohydrate Availability Around Training
Commonly used methods of adding stress to very well trained aquatic athletes include extreme training bouts (duration/intensity), training periods (e.g., training camps), or altered environments (e.g., altitude training). Another accessible and simple method to increase training stress is via dietary periodization. Contemporary scientific studies have started to examine whether a periodic lack of carbohydrate (CHO) availability around training may further enhance training adaptations (Burke, 2010) .
Nutritional recommendations generally suggest that athletes should immediately replenish muscle glycogen stores postexercise, with adequate CHO intake, to ensure subsequent training bouts are conducted in a glycogencompensated state. However, a study in untrained male subjects reported increased endurance adaptation and performance when half of the training sessions (5 days per week over 10 weeks) were undertaken in a muscle glycogen-depleted state (training twice per day, so the second training bout was glycogen depleted), compared with every session conducted in a glycogen-loaded state (Hansen et al., 2005) . Several follow-up studies have confirmed enhanced cycle training adaptations with low muscle glycogen or low exogenous CHO availability via overnight fasted training (Akerstrom et al., 2009; De Bock et al., 2005; Morton et al., 2009; Nybo et al., 2009; Yeo et al., 2008b) . However, none of these studies showed greater posttraining performance enhancement with low-CHO training compared with training with ample CHO availability. This lack of an effect may be due to the initial self-selection of lower training intensities under the more physiologically and psychologically stressful low-muscle-glycogen conditions (Yeo et al., 2008a) .
Most of the above studies have featured an intervention of only ~9 low-CHO training workouts out of ~18 total sessions, and it is difficult to extrapolate the results of short-term laboratory training studies to the real world of elite aquatic sports. Moreover, the current literature fails to adequately test the potential for a carefully periodized CHO availability model, particularly for aquatic sports. Nevertheless, until better studies are undertaken, many sports scientists are happy to experiment with the application of various eating strategies. Which low-CHO availability approaches (low-glycogen training vs. overnight fasted training vs. low-glycogen recovery periods) may ultimately provide the most potent stimulus for training adaptation while minimizing the likely deleterious effects of delayed recovery , decreased training quality, and/or increased immune system stress remains to be elucidated. Table 2 highlights some practical recommendations on low-CHO training.
Protein Intake to Support Training Adaptations
Evidence suggests that adaptations to training are due to changes in types and/or activities of various proteins in response to each exercise bout and nutrient intake. Protein intake before, during, and after training influences training adaptations. The metabolic basis for changes in the amount of protein is the balance between the rates of muscle protein synthesis (MPS) and muscle protein breakdown (MPB; i.e., net MPB), or NMPB, = MPS -MPB. Periods of positive NMPB must be of larger duration and magnitude than negative periods over any given time for increases in protein to occur. Dietary protein ingestion has a profound impact on NMPB, thus protein nutrition is a critical component of adaptation to training for aquatic sports.
The optimal amount of dietary protein to consume on a daily basis to maximize adaptations in aquatic sports is unknown and will vary for each individual athlete in the particular circumstances of their training and competitive demands. Moreover, the type of protein, timing of protein ingestion relative to exercise, coingestion of other nutrients, and the type of training performed will affect the adaptations to training. Because adaptive responses to training are mostly individual, all of these factors should be taken into account to make personalized recommendations for aquatic athletes. As with other nutrients, the optimal amount of protein will also vary depending on the phase of the training and competition season.
Protein intake in conjunction with exercise enhances the anabolic response of muscle. Moreover, it seems clear that the essential amino acids (EAA) in the protein are the key to muscle anabolism (Tipton et al., 1999) . Ingestion of a source of amino acids that results in rapid elevation of blood EAA levels optimally stimulates MPS, resulting in positive NMPB (Tipton et al., 1999 (Tipton et al., , 2007 West et al., 2011) . The branched-chain amino acid leucine seems to be particularly important for stimulation of the maximal response of MPS (Churchward-Venne et al., 2012) . However, elevated leucine alone is insufficient to fully stimulate MPS (Churchward-Venne et al., 2012) .
Despite stimulation of translation initiation by leucine, provision of the other amino acids (e.g., from an intact protein source) is necessary to supply the substrate for MPS. Therefore, ingestion of a high quality protein supplying sufficient EAA/leucine to induce a rapid rise in blood amino acid levels is best to optimize adaptations to training in aquatic sports.
Protein nutrition to support the stimulation of MPS after swim training and resistance exercise is critical for optimal adaptation. Swim training and resistance exercise increased MPS in trained swimmers (Tipton et al., 1996) . Moreover, the combination of the two modes of training increased MPS more than either type of training alone. Given that protein ingestion after both resistance (Tipton et al., 1999 (Tipton et al., , 2007 and endurance (Breen et al., 2011; Howarth et al., 2009 ) training further increases MPS, adaptations to training in aquatic sports are enhanced by protein ingestion.
High daily dietary protein intakes are popular with many athletes (Tipton, 2011) , but there is little support for the necessity of intakes above 2.5-3.0 g protein/kg body mass (BM). Although there is some evidence that very high protein intake (3.0 g/kg BM) may ameliorate the negative consequences of a sudden increase in training volume and intensity (Witard et al., , 2014b , it is not clear that this amount of dietary protein is sustainable for long periods, and such amount is difficult for most athletes to consume comfortably.
In the short term, the amount of protein ingested in conjunction with exercise will influence the anabolic response of muscle. The response of MPS seems to be maximally stimulated with ingestion of ~20 g of egg protein after resistance exercise (Moore et al., 2009; Witard et al., 2014a) . However, given that muscle mass may affect the amount of protein needed to maximally stimulate MPS, and because the average BM of the subjects in those studies was ~80-85 kg, it is perhaps prudent to recommend 0.25-0.30 g protein/kg BM to be consumed after exercise. More studies are needed to determine the optimal amount of protein to maximize adaptation after various training sessions in the different aquatic sports.
The precise timing of protein ingestion around exercise also may affect the response. Immediate postexercise ingestion of an amino acid source is a sound method of enhancing muscle anabolism, but this "window of opportunity" may last longer than just a few hours after the exercise bout: The synergistic response of muscle to exercise and nutrition lasts for at least 24 hr . Thus, whereas the optimal response may occur when protein is ingested soon after exercise, a 
Recommendations
Type of aquatic athlete that can benefit from low CHO availability
• Athletes in their general preparation phase and/or training for open water events or distance pool events.
• Mature/senior athletes who have maximized many of the other training and nutrition basics.
• Mature/senior athletes who have maximized volume of training and/or have injuries that limit the total amount of volume they can train. Type of aquatic athlete that should not implement or may suffer with low CHO availability
• Junior athletes • Athletes who break down and get sick often (poor immune systems)
• High-intensity or high-quality training sessions (or anything faster than threshold or tempo training): athletes should aim to undertake these sessions with ample stored CHO energy (glycogen) and, if desired, CHO intake during training.
• Speed/power swimmer, diver, water polo player that wants to build muscle mass via resistance training should always aim to undertake these sessions with ample stored CHO energy (glycogen) and, if desired, CHO intake during training. Other nutritional/lifestyle interventions to consider when implementing low-energy training
• Low-energy training adds extra stress to the training load, therefore greater emphasis needs to be placed on recovery and rest when implementing. This can include:
• Focus on high quality/quantity of rest and sleep • Focus on or increase adequate intake of fruits and vegetables • Focus on or increase emphasis on a very healthy, high-quality diet • Consider a multistrain probiotic • Be sure to have recovery nutrition available immediately after low-energy training • Initially during low-energy training, many aquatic athletes experience increased hunger throughout the rest of the day or the following day. Be sure to monitor body mass to ensure that not too much weight is being lost (need energy balance for best training load).
• Consider adding an extra day of lighter/moderate training before undertaking another hard training session after prolonged (> 90 min) low-energy training.
normal postexercise feeding pattern will support muscle anabolism too. The combination of timing and amount of protein may affect the potential adaptations to training. Indeed, the response of MPS over a 12-hr period after an exercise bout was maximized when four 20-g doses of protein were ingested every 3 hr after exercise compared with two 40-g doses every 6 hr and eight 10-g doses every 1.5 hr (Areta et al., 2013) . These data support the contention that the total amount of daily dietary protein is not the most important factor and clearly indicate that the adaptive response to training depends on many factors related to protein nutrition. The aquatic athlete is therefore guided to develop eating plans that spread the intake of high quality protein over the day at meals/snacks that are consumed every 3-4 hr, key times being in the period after important training sessions and, perhaps, before sleep (Res et al., 2012) .
Achieving and/or Maintaining Optimal Body Mass and Body Composition
Optimal BM and composition may be important for aquatic sport athletes to maximize their power-to-mass ratio and/or for aesthetic reasons. Generally, it is desirable for a loss of BM to come as loss of fat rather than muscle. However, negative energy balance may result in a significant loss of lean BM (Forbes, 2000) , perhaps leading to compromised performance or undesirable aesthetic changes. Thus, a dietary strategy that allows BM loss while maintaining muscle mass would be very important for many aquatic athletes.
Training loads are already extreme for top-level aquatic athletes, so adding more training to increase energy expenditure is not always feasible. Thus, nutrition becomes crucial for BM regulation. The importance of protein nutrition for BM control and/or loss has gained considerable attention over the past decade or so. Increased protein content of the diet, particularly in combination with training, may induce BM loss and reduce the loss of lean mass in overweight and obese individuals during low-energy dieting (Josse et al., 2011) . Whether these findings are also valid for aquatic athletes remains to be elucidated.
The impact of increased protein intake during lowcalorie dieting was investigated in resistance-trained male athletes who continued normal training during the mass loss period (Mettler et al., 2010) . Two groups of athletes consumed 60% of their normal calorie intake for 2 weeks. One group consumed a diet that resembled their normal dietary pattern (~15% protein), whereas the other group consumed a high protein diet (~35% protein). Both groups lost the same amount of fat, but the group consuming more protein lost little if any muscle. The athletes on the lower protein intake lost more total mass, but also lost ~1.5 kg of lean BM during the 2 weeks of reduced energy intake. Therefore, aquatic sport athletes desiring loss of total body mass, but minimal muscle loss, may want to consider a high protein diet.
Another nutritional consideration for athletes desiring to lose BM should be the rate at which BM is reduced. Garthe et al. (2011) investigated the impact of two different rates of mass loss on body composition changes in elite athletes. One group lost mass at the rate of ~0.7% per week and the other at ~1.4% per week. Training load was kept constant. Whereas lean BM remained unchanged in the group with the faster mass loss, the athletes with the slower loss gained ~2 kg of lean mass. These data suggest that athletes who want to gain muscle during a period of hypocaloric BM loss should reduce energy intake minimally, within the temporary constraints for the mass loss (i.e., goal date by which the mass must come off).
Enhancing Training Adaptation Via Nutritional Supplements
Theoretically any nutrition intervention that can either increase training quality or increase the stimulus of a given workout should, over time, further increase training adaptations. Although supplements for aquatic sports are covered by Derave et al. (2014) , there are a few supplements that may have relevance to enhancing training adaptations.
Sodium Bicarbonate Supplementation
Sodium bicarbonate has been shown to increase shortterm power output, especially during repeated sprint efforts (Derave et al., 2014) . At least one study used longterm sodium bicarbonate (Na HCO 3 ) supplementation in an attempt to induce superior training adaptations (Edge et al., 2006) . In this NaHCO 3 training study, it was found that the group that consumed 400 mg of NaHCO 3 /kg BM 90 and 30 min before interval training (6-12 × 2 min at 100% VO 2max ), three times per week over 8 weeks gained greater training adaptation and performance compared with the placebo group who did the exact same clamped training (Edge et al., 2006) . Despite promising results from this study, much more work needs to be completed examining ingestion dose responses, blood bicarbonate washout, training responses with unclamped self-selected training intensities, whether these initial performance findings can be confirmed in elite aquatic athletes, and whether long-term bicarbonate supplementation also induces potentially counterproductive body mass gain via water retention.
Long-Term b-Alanine Supplementation
Carnosine is a potent intramuscular buffer because of its nitrogen-containing side imidazole ring, which can directly accept and buffer H + ions. Since 2006, more than 30 published studies have examined the effects of b-alanine (BA) supplementation on muscle carnosine over 4-8 weeks (for review, see Stellingwerff et al., 2012) , and the subsequent impact that augmented muscle carnosine can have on high-intensity human performance outcomes (for meta-analysis, see Hobson et al., 2012) . Therefore, augmented carnosine content might not only increase buffering capacity and acute performance but also, in theory, increase the ability to undertake highintensity training, causing a greater training stimulus and resulting in performance benefits. Only a couple of studies have examined whether augmented carnosine via BA supplementation may lead to enhanced training adaptations. Hoffman et al. (2008) found that high-dose BA over 3 weeks resulted in higher training volume in the bench press exercise, and a trend for a greater training volume was seen for all resistance exercise sessions. Conversely, Smith et al. (2009) found no influence of BA supplementation to further enhance high-intensity interval training in relatively untrained men. Elite and subelite swimmers were recently given BA over 10 weeks (Chung et al., 2012) , and a greater improvement in training performance after 4 weeks of BA vs. placebo was observed (mean = -1.3%, 90% confidence limit = 1.0), but the effect was unclear after 10 weeks (mean = -0.2%, 90% CL = 1.5). This study featured open self-selected training and dietary controls but did not attempt to control normal variables such as standardizing training, diet, and other confounding factors (Chung et al., 2012) . More research is required in this area, because findings might be confounded by the fact that it takes 4-8 weeks just to raise muscle carnosine via BA supplementation (Stellingwerff et al., 2012) . Therefore, study designs may need a 4-8 week lead-in period of BA vs. placebo supplementation to adequately differentiate high and low muscle carnosine groups before subsequently undertaking a training intervention.
Conclusions
Although there is a relative dearth of direct information on aquatic sport athletes, it is clear that nutritional considerations must be paramount to optimize adaptations to training. Whereas adaptations are primarily stimulated by the precise aspects of the training regimen, appropriate nutrition can support and even influence the adaptive processes. Nutrition should be periodized and adapted to support changing individual goals, training levels, and requirements throughout a season and/or training cycle. Nutritional deficiencies must be avoided as a top priority. Sufficient energy, macronutrient, and micronutrient intake are critical to support optimal adaptation to training. During periods of intense training, carbohydrate and protein intake seem to be critical. Protein intake may be particularly important for aquatic athletes during periods of hypocaloric weight loss. Although many of the recommendations for nutritional support of aquatic athletes are based on land-based studies, there is no reason, at least at present, to suspect that these recommendations do not apply to aquatic athletes.
